Introduction.-A mysterious phenomenon often called gasping has been observed in the course of the internal friction measurement (1-3) of materials in which stress induced martensitic transformation or twinning is known to take place. The present authors (4) have proposed that this gasping phenomena is to be interpreted as the automodulation oscillation of the specimen in which the stress o and the strain E obeys the non-linear anelastic relationship, Here, the relaxed elastic modulus C and the un-relaxed elastic modulus C are given by When the applied stress a is infinitesimally small, Eq.(l) is reduced to a normal Hookean relationship. The response of the strain E , in this case, to an applied stress step function is also a step function as shown in Pig.l(a).
When the applied stress is finite, the response of the strain E to the applied stress step function is not a step function anymore but shows a response with a relaxation time -r as shown in Pig.l(b). 'This reversible non-linear anelastic behavior or the lattice relaxation is understood to result from a lattice which is completely elastic for small deformations but has an-elastic properties when deformed beyond a certain limit. This an-elastic property, which differs From the plastic deformation in its reversibility, comes from the stress induced martensitic transformation or from twinning. The relaxation time T measured from the automodulation experiment is interpreted to indicate the relaxation time for the stress induced martensite or twinning. The purpose of the present paper is to propose that the lattice relaxation associated with the stress induced martensite or twinning is controlled by a thermal activation process for the nucleation ( 5 , 6 ) of the stress induced martensite or twin.
Lattice Model.-The martensitic transformation or the twinning is described in terms of a model, in which the lattice is pictured as the stack of the close packed atomic plane. The one dimensional model, which is a modification of the model for the lattice used by Fermi, Pasta and Ulam ( 7 ) to study the anharmonic interaction for lattice waves, has already been used by the present authors as a model for the triggering mechanism of thc martensitic transformation (8) . However, in the previous discussion of the one dimensional model, the large amplitude lattice wave which can trigger the martensitic transformation is assumed to be present in the lattice. The origin of this large amplitude wave is not discussed or is the exact requirement for the large amplitude fully explored.
It is shown here that a single pulse lattice wave is necessary and sufficient to trigger the martensitic transformation or twinning. The development of this single pulse lattice wave is governed by the same two key factors as the large amplitude lattice wave in the previous paper (8) . These two key factors are the following: (1) The difference between the potential energy of the two configurations, one corresponding to the austenite and the other corresponding to the martensite. In the case of the stress induced martensite or twin, the difference between the potential energy enters as the product a -F of the applied stress o and the strain E associated with the martensitic ran sf om at ion or twinning. (2) The stacking sequence of the martensite or twin is governed by the dispersion relationship of the transverse lattice wave with infinitesimally small amplitude.
Single Pulse Lattice Wave.-The development of a single pulse lattice wave is studied in the one dimensional model (8) . The model is specified by the two body interaction V2 and the three body interaction V?. The two body interaction potential V which represents the interaction between neighboring atomic planes should have at 2 least two minima, one corresponding to the undisplaced configuration, u -u z0, in n+l n the austenite and another corresponding to the displaced configuration, U~+~-U %-1 n ' in the martensite. The simplest analytical expression which satisfy the above requirement is given by where P 2, P3, P are parameters to specify the potential and the u 's are displace-4 ments of atomic planes. The parameters P2, P and P must be chosen so that two 3 4 minima of V2 are located at proper values of the relative displacements u n+l-un and and also there exist a potential energy barrier with a proper height between the austenitic and martensitic configuration. As a typical example, the numerical investigation is carried out for the potential V2 shown in Fig.2 with the values of parameters P =1, P =5, and P =4. 2 3 4
The three body interaction, which controls the stacking sequence in the martensite, is given by where ql and q2 are parameters to specify V3. The results of the numerical investigation shown in Fig.3 is obtained with the use of V2 shown in Fig.2 and V3 with the values of parameters, ql=O and q =0.1. For another choice of parameters for V3, for 2 example q =0.1 and q =0, the time development sequence obtained is very similar to 1 2 that shown in Fig.3 , but the structure of the martensite is entirely different. While the dynamical process of the time development of the pulse lattice wave is mainly controlled by V2, the structure of the martensite is controlled by V (8) .
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The time development of a single pulse lattice wave is obtained from the numerical integration of the equations of motion for the stack of 64 atomic planes with equal normalized masses. The equations are with the periodic boundary condition, i.e. the first atomic plane and the 64-th atomic plane represent the same atomic planes. The results of the numerical integration are shown in Fig.3 . The characteristics of the time development of the single pulse lattice wave is found not to be affected by the number of atomic planes in the model. \%en the height of a single pulse lattice wave is lower than that shown in Fig.3 , the pulse does not develop into the regularly displaced configurations corresponding to the martensite or twin. It is to be remembered that the time development shown in Fig.3 is obtained by the integration of the equation of motion. Hence, the total energy of the system of the stack of atomic planes, i.e. the sum of the kinetic energy and the potential energy Z(V +V ) must be conserved during the time devel-2 3 opment shown in Fig.3 . It is also noticed here that the time development shown in Fig.2 . With the progress of time, the single pulse lattice wave is developing in such a way as to reduce the potential energy V2, while V is kept nearly minimum. 3
The example of the time development shown in Fig.3 corresponds to the stacking transformation which is needed for the F.C.C.
H.C.P. transformation. As discussed in the previous paper, various kinds of stacking transformations are obtained by choosing different combinations of the parameters in the potential energy V2 and Vg.
Saddle Point Configuration.-The relevance of the single pulse lattice wave in the one-dimensional lattice model to the actual martensitic transformation or twinning in a three dimensional lattice must be asked. The single pulse lattice wave corresponds to the saddle configuration between the austenite configuration and the martensite configuration in the one-dimensional model. It has been shown in the previous section that once the single pulse lattice is introduced into the one-dimensiona1 model i.e. the saddle point configuration is reached, the subsequent development of the system from the austenite configuration to the martensitic configuration takes place as a mechanical process, following the equations of motion for lattice planes. While the total energy of the system (the sum of the interaction potential energy V2+V3 and the kinetic energy) is conserved, the process proceeds in the direction of decreasing interaction potential energy.
It is expected that once a saddle point configuration is introduced into a three dimensional lattice, the subsequent development into the martensitic configuration will also proceed as a mechanical process in the three dimensional lattice. Thus, an important question is what is the saddle point configuration in the three dimensional lattice. More specifically, the questions are, what is the magnitude of the displacements in the saddle point configuration and what is its volume.
Concerning the first question, the results of the numerical investigation of the one-dimensional model have shown that the displacement of atoms in the saddle point configuration is less that that corresponding to the martensitic configuration. Hence, the displacements of atoms in the saddle point configuration in the three dimensional lattice must be less than that those corresponding to the fully developed martensite. In the classical theory of nucleation, the critical nucleus is assumed to have the configuration which is equal to that of the martensite ( 5 ) , i.e., the displacement in the critical nucleus is equal to that corresponding to the fully developed martensite. Accordingly, the classical theory of nucleation has made too large an estimate of the free energy of the saddle point configuration.
Concerning the second question, Greene and Cahn have shown (9) that if we adopt a continuum model for the deformation associated with the martensitic transformation, the barrier energy between the austenitic configuration and the martensitic configuration decreases with the volume of the intermediate configuration. In other words, their calculation shows that there should not be any saddle point configuration nor any free energy barrier between the austenite and the martensite as the volume of the intermediate configuration approaches zero. The complete vanishing of the barrier energy results from the beyond-limit interpretation of the calculation based on the continuum approximation. At the same time the continuum approximation is a valid one, as far as we do not treat configurations of atomic size. Accordingly, the Greene-Cahn calculation shows that the saddle point configuration cannot have a macroscopic size but must have an atomic size.
In summary, the saddle point configuration in the three dimensional lattice should have the size of an atomic dimension and should have a structure which is neither that of austenite normartensite. Although the saddle point does not exist in the continuum model, it should exist for the actual discontinuous lattice and its volume should be of atomic dimensions. The development of the saddle point configuration in the three dimensional lattice in the direction of decreasing energy will proceed as a mechanical process in the same way as in the one dimensional model. Thermal Activation.-The introduction of the saddle point configuration is necessary and sufficient to initiate the martensitic transformation. The subsequent development to the martensitic phase or twin will proceed as a mechanical process. It is proposed that the introduction of the saddle point configuration is carried out as a thermal activation process. Hence, the rate controlling factor for the martensitic transformation and twinning must be a theraml activation process to introduce the saddel point configuration into the lattice. The lattice relaxation time measured from the automodulation phenomena associated with the non-linear anelasticity due to the stress induced martensitic transformation and twinning is proposed to be controlled by the thermal activation process discussed above.
Discussion.-The main conclusion to be made on the basis of the previous presentation is that a special displacement spike-lattice pulse wave-must be present before nucleation can occur. The numerical calculations leading to the above argument were made using one dimensional model lattice to simulate an event in three dimensions. Therefore, the lattice pulse wave can be zero dimensional or one dimensional. The deformation energy argument due to Greene and Cahn energetically favors zero dimensional lattice pulse waves. The creation of such a lattice pulse wave requires thermal activation. Its probability is given by exp(-E/kT), where E is the pulse formation energy. This energy is essentially the strain energy of the pulse, which can be as high as 1 eV for distinctly first order transformations. It approximates to zero as the transformation approaches second order. Suezawa and Cook have demonstrated that the activation energy E is lowered and therefore nucleation enhanced in a certain region around dislocations, where a strain field of favorable symmetry exists. It may thus be asked whether such a favorable strain field exists in the vicinity of a point defect. Point defects can enhance nucleation through either their static bias strain field or through their dynamical strain field arising as lattice sctivated diffusion occurs (11) . An example of the latter may be found in Fe-Ni alloys where the lattice activated dynamical strain field closely resembles the Bain strain (12) .
